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The advantages of gas-triggered discharges confined
by ablating insulator surfaces for low inductance switching
of laxge current pulses have been discussed in a previous

This note also describes the design and
pexformance of a particular inverse pinch switch which
successfully incorporates these features. A similar
awitch has subsequently been constructed which discharges
in a direct pinch mode and displays significantly bettex
poriorxmanca than ite prouscassor. Fhe uovice is shwei
scheratically in Fig. 1.

she electrodes are plane, cixcular discs ol aluminws,
i4 ¢ in diameter, separated 4 om Dy twWwo concentric
plexkiylas insulators th{; define an annular discharge
gap 2.5 cm wide. A group of twelve %" radial holes are
drilled through the inner imsulator, via which the dischargye
gap is f£ixst evacuated, and then triggered by a pulse Of
gas. The concentric return conductor is saparated rLrom

the electrode sdges and cuter plexiglas cylinder by a

*Supported by XaSA Crant NzG-306-63.




éeflon sleeve which extends into the external coaxial
leads to the load and to the source.

In its present application, this device switches
a 15‘/utd. 10 KV capacitor bank across another discharge
chambex (3} which draws some 3x10% amp peak current at
about 500 m, The operational sequence consists of the
evacuation of the switch gap to a pressure considerably
below the Paschen limit for axgon ( 22 0.5 mm Hg - mm),
the subsequent charging of the capacitor bank to the
desired voltage, and finally the symmetrical injection
of a small amount of argon through the radial ports in
the inner insulator into the discharge gap. As the gas
density rises past the Paschen limit, a diffuse breakdown
precipitates over the entire gap ring. In this type of
operation the switéh stabilizes at an inductance of about
3x10'9,ﬂ, and at a resistance of about 5x10'3_(l., and
- displays a minimum of initiation noise and electrode damage.
It is found to sustain several hundred dischaxrges before
requiring dissembly for cleaning and buffing of the
electrode surfaces.

The two critical dimensions in the device are the
length and the annular width of the dischargé gap. The
former was established by empiricel experiments as the
minimum length which would permit sufficiently low gas

density at breakdown to sustain the diffuse discharge mode.




shorter gap lengths, which predicated higher gas densities
.at: breakdown, displayed & tendsncy to concentra.ted arc
£ilam.onts.

The width of the annular gap was determined as a
compromise between minimizing the inward constriction or
*pinching” of the discharge, which would tend to increase
the inductance, and the necessity to provide adequate gap
width for the discharge to develop the desivred cylindrical
symmetry. Magnetic probe experiments in similar discharge
chambers without the inmer insulator show that the breakdown
current tends to assemble itaelf into & cylindrically agﬁotric
pulse, about 2 am in radial width, near the outer insulator‘?
(Pig., 2). If too large a diameter inner insulator is
inserted into such a chamber, thereby establishing an
annular discharge gap smaller than this preferred initial
current pulse width, the discharge is found to use only a
small angular fraction of the gap, concentrating in a higher
inductance, higher resistance configuration at some azimuthal
position. The initial current pulse width, and hence the
minimum gap width is presumably associated with the effective
skin depth of the discharge plasma, and thus would be mildly
frequency dependent. Although this frequency dependence hag
not yet been explored in detail, it is anticipated that the
influence of the channel width on the azimuthal symmetry of
the discharge will persist in other applications of this
type of switch.
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FIGURE CAPTIONS

1 Schematic diagram of Pinch Discharge Switch
2 Current density distribution in 10 cm diameter
pinch discharge in 23/% argon
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